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CARDIAC IMPLANT AND METHODS 



Technical Field 



This disclosure relates to cardiac implants, methods of making, and 
methods of using. 

Background 



U.S. Patent No. 5,944,019, issued August 31, 1999, teaches an implant for 
jit defining a blood flow conduit directly from a chamber of the heart to a lumen of a 

g* coronary vessel. An embodiment disclosed in this patent teaches an L-shaped implant in 

the form of a rigid conduit having one leg sized to be received within a lumen of a 
coronary artery and a second leg sized to pass through the myocardium and extend into 
the left ventricle of the heart. As disclosed in the '019 patent, the conduit is rigid and 
remains open for blood flow to pass through the conduit during both systole and diastole. 
The conduit penetrates into the left ventricle in order to prevent tissue growth and 
occlusions over an opening of the conduit. U.S. Patent No. 5,944,019 is incorporated by 
reference herein. 

U.S. Patent No. 5,984,956, issued November 16, 1999, discloses an 
implant with an enhanced fixation structure. The enhanced fixation structure includes a 
fabric surrounding at least a portion of the conduit to facilitate tissue growth on the 
exterior of the implant. U.S. Patent No. 5,984,956 is incorporated herein by reference. 
U.S. Patent No. 6,029,672 issued February 29, 2000 teaches procedures and tools for 
placing a conduit. U.S. Patent 6,029,672 is incorporated herein by reference. 
Improvements in implants continue to be desirable. 
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Summary Of The Disclosure 



Cardiac implants are disclosed including a conduit or scaffold having a first 
therapeutic agent in at least partial covering relation to at least a first portion of the 
scaffold, and a second therapeutic agent, different from the first therapeutic agent, in at 
least partial covering relation to at least a second portion of the scaffold. 

In some embodiments, the first therapeutic agent may include one of: 
antithrombotic agents, anti-inflammatory agents, antiproliferative agents, antibiotic 
agents, angiogenic agents, antiplatelet agents, anticoagulant agents, rhestenosis 
preventing agents, hormones and combinations thereof. The second therapeutic agent 
will preferably be different from the first therapeutic agent and can include any of the 
following types of therapeutic agents: antithrombotic agents, anti-inflammatory agents, 
antiproliferative agents, antibiotic agents, angiogenic agents, antiplatelet agents, 
anticoagulant agents, rhestenosis preventing agents, hormones and combinations thereof. 

Methods for making cardiac implants are described herein. Preferred methods 
include providing a scaffold, covering at least a first portion of the scaffold with a first 
therapeutic agent, and covering at least a second portion of the scaffold, different from 
the first portion, with a second therapeutic agent different from the first therapeutic agent. 

Methods for treating a patient and for using cardiac implants are provided herein. 
One method is described as performing a coronary vessel bypass procedure. The method 
includes forming a blood flow path from a heart chamber directly to the coronary vessel, 
which includes placing a conduit in a heart wall between the chamber and the vessel with 
the first end of the conduit protruding into the chamber and protruding beyond an interior 
surface of the heart wall. The conduit will include a first therapeutic agent in covering 
relation to at least a first portion of the conduit and a second therapeutic agent in covering 
relation to at least a second portion. 



Brief Description of the Drawings 



FIG. 1 is a side sectional view of one embodiment of an implant shown in 
place in a human heart wall with the implant establishing a direct blood flow path from a 
heart chamber to a coronary vessel, constructed according to principles of this disclosure; 

FIG. 2 is a side sectional view of a second embodiment of an implant 
shown in place in a human heart wall, constructed according to principles of this 
disclosure; 

FIG. 3 is an enlarged, cross-sectional view of the implant shown in FIG. 1 
and depicting zones for the application of therapeutic agents; 

FIG. 4 is a side elevational view of another embodiment of an implant of 
the type shown in FIG. 1; 

FIG. 5 is an enlarged, cross-sectional view of the implant shown in FIG. 4 
and depicting zones for the application of therapeutic agents; and 

FIG. 6 is an enlarged, cross-sectional view of the implant shown in FIG. 2 
and depicting zones for the application of therapeutic agents. 

Detailed Description 

A, Potential Adverse Events following placement of 
Intracardiac/Intracoronary devices. 
(i) Restenosis 

Restenosis is the closure of a coronary artery following trauma to the artery 
caused by, for example, efforts to open a stenosed portion of the artery. Restenosis is 
believed to arise through the proliferation and migration of cellular components from the 
arterial wall, as well as through geometric changes in the arterial wall referred to as 
"remodelling". 

Restenosis following angioplasty treatment remains a significant problem that is 
believed to be caused by efforts to open an occluded portion of the artery by angioplasty, 



such as, for example, by balloon dilation, atherectomy or laser ablation treatment of the 
artery. For these angioplasty procedures, restenosis occurs at a rate of about 30-60% 
depending upon the vessel location, lesion length and a number of other variables. 
Restenosis typically occurs within the first six months after angioplasty. 

One aspect of restenosis may be simply mechanical; e.g. caused by the elastic 
rebound of the arterial wall and/or by dissections in the vessel wall caused by the 
angioplasty procedure. These mechanical problems have been successfully addressed by 
the use of stents to tack-up dissections and prevent elastic rebound of the vessel, thereby 
reducing the level of restenosis for many patients. The stent is typically inserted by 
catheter into a vascular lumen and expanded into contact with the diseased portion of the 
arterial wall, thereby providing internal support for the lumen. Examples of stents that 
have been successfully applied over a PTCA balloon and radially expanded at the same 
time as the balloon expansion of an affected artery include the stents disclosed in: U.S. 
Pat. Nos. 4,733,665 issued to Palmaz; 4,800,882 issued to Gianturco; and 4,886,062 
issued to Wiktor, each of which is incorporated herein by reference in its entirety. 

Another aspect of restenosis is believed to be a natural healing reaction to the 
injury of the arterial wall that is caused by angioplasty procedures. The healing reaction 
begins with the thrombotic mechanism at the site of the injury. The final result of the 
complex steps of the healing process is intimal hyperplasia, the migration and 
proliferation of medial smooth muscle cells, until the artery is again occluded. 

In an attempt to prevent restenosis, metallic intravascular stents have been 
permanently implanted in coronary or peripheral vessels. The stent is typically inserted 
by catheter into a vascular lumen and expanded into contact with the diseased portion of 
the arterial wall, thereby providing mechanical support for the lumen. However, it has 
been found that restenosis can still occur with such stents in place. Also, the stent itself 
can cause undesirable local thrombosis. To address the problem of thrombosis, persons 
receiving stents also receive extensive systemic treatment with anticoagulant and 
antiplatelet drugs. 

To address the restenosis problem, it has been proposed to provide stents that are 
seeded with endothelial cells (Dichek, D. A. et al Seeding of Intravascular Stents With 
Genetically Engineered Endothelial Cells; Circulation 1989; 80: 1347-1353). In that 



experiment, sheep endothelial cells that had undergone retrovirus-mediated gene transfer 
for either bacterial beta-galactosidase or human tissue-type plasminogen activator were 
seeded onto stainless steel stents and grown until the stents were covered. The cells were 
therefore able to be delivered to the vascular wall where they could provide therapeutic 
proteins. Other methods of providing therapeutic substances to the vascular wall by 
means of stents have also been proposed such as in international patent application WO 
91/12779 "Intraluminal Drug Eluting Prosthesis" and international patent application WO 
90/13332 "Stent With Sustained Drug Delivery". In those applications, it is suggested 
that antiplatelet agents, anticoagulant agents, antimicrobial agents, anti-inflammatory 
agents, antimetabolic agents and other drugs could be supplied in stents to reduce the 
incidence of restenosis. Further, other vasoreactive agents such as nitric oxide releasing 
agents could also be used. 

(ii) Vascular Damage 

Implanting a stent may lead to dissection of the vessel distal and/or proximal to 
the stented portion and may cause acute closure of the vessel requiring additional 
intervention (e.g. CABG, further dilation, placement of additional stents, or other). 

(iii) Blood clotting disorders 

Placement of the device carries an associated risk of subacute thrombosis, 
vascular complications, and/or bleeding events. 

(iv) Delayed disorders 

Placement of intracardiac/intracoronary devices may lead to delayed disorders 
such as: aneurysm, arrhythmias, bleeding complications, distal emboli, emergent CABG, 
myocardial infarction, myocardial ischemia, occlusion, stent delivery failures, target 
lesion revascularization, thrombosis, vascular complications, vessel dissection. 

B. Example Environments of Use 

With initial reference to FIGS. 1 and 3, an implant is shown generally at 10. The 
implant 10 includes a composite of a hollow, rigid scaffold or conduit 12. The conduit 12 
includes a wall 14 defining an outer surface 16 and a hollow interior 18. In preferred 
embodiments, the wall 14 has a circular cross-section, forming a tube or cylinder 20. The 
conduit 12 includes a second portion 24, preferably corresponding to a vessel or 
vasculature portion, and a first portion 26, generally corresponding to a myocardial 



portion. The conduit 12 includes an open second end 28 that is defined by the vascular 
portion 24. The conduit 12 also includes an open first end 30 that is defined by the 
myocardial portion 26. The open second end 28 may be anastomosed to a vessel with 
sutures (not shown) in an end-to side anastomosis as is done in conventional coronary 
artery bypass procedures. 

In FIG. 1, a cross-section of the myocardium 32 of a human heart is shown. As 
can be seen in FIG. 1, in preferred embodiments, the second portion 24 is dimensioned to 
be received within a lumen 34 of a coronary vasculature 36. As used herein, the term 
"vasculature" refers to veins or arteries. Note that the vasculature 36 resides exterior of 
the myocardium 32. The first portion 26 is dimensioned to extend from the vasculature 
36 through the myocardium 32 and into a heart chamber 38. In preferred 
implementations, the heart chamber 38 will be the left ventricle 40. As can be seen in 
FIG. 1, the conduit 12 defines a blood flow pathway 42 within the interior 18 between the 
open first end 30 and the open second end 28. This allows for the flow of oxygenated 
blood directly from the left ventricle 40 through the pathway 42 and into the vasculature 
36. The distal end 48 of the vascular portion 24 is shown connected to an intravascular 
stent 49. In the embodiment shown, the end 30 corresponds to an inlet end 30 and the 
end 28 corresponds to an outlet end 28. 

As discussed more fully in U. S. Pat. No. 5,984,956, the conduit 12 may be 
provided with tissue-growth producing material 44 adjacent the upper end 46 of the first 
portion 26 to immobilize the conduit 12 within the myocardium 32. The material 44 
surrounds the exterior of the conduit 12 and may be a polyester woven cuff 45 or sintered 
metal to define pores into which tissue growth from the myocardium 32 may occur. 

In the preferred embodiment, the implant 10 will have an outside diameter D 0 of 
about 1 to 3 millimeters and an internal diameter Di of about 0.5 to 2.5 millimeters to 
provide a wall thickness of about .5 millimeters. By way of non-limiting example, a 
specific D 0 may be 2.5 millimeters and a specific Di may be 2.0 millimeters. 

The size range given permits insertion of the conduit into a coronary vessel to be 
bypassed. Commonly, such vessels in an adult human have internal diameters of 1 to 3 
millimeters when under the influence of normal pressurized blood flow. 



With reference to FIG. 4, a further embodiment of an implant 60 is shown. This 
embodiment can be used in a similar manner to the embodiment illustrated in FIG.l. The 
embodiment shown in FIG. 4 includes a composite of a hollow, rigid cylindrical scaffold 
or conduit 62 and a flexible conduit 64. The conduit 62 may be formed of suitable 
material such as low density polyethylene ("LDPE"). The material of the conduit 62 is 
preferably a rigid material in order to withstand contraction forces of the myocardium 
and hold open a path through the myocardium during both systole and diastole. 

The implant 60 includes a sleeve 66 of tissue growth-inducing material secured to 
an exterior surface of the conduit 62. In the embodiment of FIG. 4, the sleeve 66 resides 
exclusively on the rigid cylindrical conduit 62 in order to reside exclusively within the 
myocardium 32 after surgical placement of the implant. (See generally, FIG. 1) 
Preferably, the sleeve 66 is formed of a fabric having biocompatible fibers defining 
interstitial spaces to receive tissue growth. An example of such a fabric is polyethylene 
terephthalate (such as polyester fabric sold by DuPont Company under the trademark 
Dacron). Such a fabric permits rapid tissue integration into the fabric to anchor the fabric 
and, hence, the conduit 62 to the patient's tissue. As a result the sleeve 66 is selected to 
induce tissue attachment. As can be appreciated from a review of the cross-section 
shown in FIG. 5, the sleeve 66 wraps around and engages against the inner surface and 
outer surface of the rigid conduit 62. In the embodiment shown, the sleeve 66 extends 
from the end 74 to a region adjacent to the elbow 77 of the implant 60. 

It will be appreciated the description of a sleeve as described is the subject of 
commonly assigned and copending U. S. patent application S.N. 08/944,313 filed Oct. 6, 
1997 entitled "Transmyocardial Implant", and filed in the name of inventors Katherine S. 
Tweden, Guy P. Vanney and Thomas L. Odland. The disclosure of S.N. 08/944,313 is 
incorporated by reference herein. 

In this embodiment, the conduit 62 is sized to extend through the myocardium 32 
of the human heart to project into the interior of a heart chamber (preferably, the left 
ventricle 40) by a distance of about 5 mm. (See generally, FIG. 1) The conduit 62 extends 
from a second (or upper) end 72 to a first (or lower) end 74. The flexible conduit 64 has 
first and second ends 76, 78 (FIG. 4). A first end 76 of the flexible conduit 64 is secured 
to the rigid conduit 62 by heat bonding along all surfaces of opposing material of the 



rigid conduit 62 and the flexible conduit 64. At elevated temperatures, the material of the 
rigid conduit 62 flows into the micro-pores of the material of the flexible conduit 64. The 
rigid material has a lower melting point than the flexible material. 

The rigid conduit 62 and attached flexible conduit 64 are placed in the 
myocardium 32, 232 with the lower end 74 protruding into the left ventricle 40. (See 
generally, FIG. 1) The implant 60 thus defines an open blood flow path 68 having end 74 
in blood flow communication with the left ventricle. A second end 70 of the blood flow 
path 68 communicates directly with the lumen of the coronary vessel lying at an exterior 
of the heart wall. (See generally, FIG. 1) To bypass an obstruction in a coronary artery, 

1=1 the vascular end 78 of the flexible conduit 64 may be attached to, or lie within, the artery 

O 

q in any suitable manner. 

SI In the particular embodiment illustrated, a plurality of discrete rigid rings 80 are 

Jt provided along the length of the flexible conduit 64. Preferably, the rings 80 are LDPE 

each having an interior surface heat bonded to an exterior surface of the flexible conduit 
64. The rings 80 provide crush resistance. Between the rings 80, the flexible conduit 64 
may flex inwardly and outwardly to better simulate the natural compliance of a natural 
blood vessel. By way of a further non-limiting example, the discrete rings 80 could be 
replaced with a continuous helix. 

As discussed more fully in U. S. Pat. No. 5,984,956, the rigid conduit 62 may be 
provided with tissue-growth producing material 82 adjacent the upper end of the conduit 
62 to immobilize the conduit 62 within the myocardium 32. The material 82 surrounds 
the exterior of the conduit 62 and may be a polyester woven cuff 83 or sintered metal to 
define pores into which tissue growth from the myocardium may occur. 

A further embodiment of the invention is described with reference to FIGS. 2, and 
8. In FIG. 2 an implant 90 is shown including a straight elongate, generally cylindrical 
tube, scaffold, or conduit 92. The conduit 92 may be formed of titanium or other rigid 
biocompatible material such as pyrolytic carbon or may be titanium coated with pyrolytic 
carbon. Preferably, an interior wall 94 of the conduit 92 is polished to a high degree of 
polish to reduce the likelihood of thrombus formation on the wall. The material of the 
conduit 92 is preferably a rigid material in order to withstand contraction forces of the 
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heart wall, as will be described. As can be seen in FIG. 2, preferably, the conduit 92 is 
straight and bend-free. 

The tube 92 has a second open end 95 which is sized to be received within the 
lumen of a coronary vessel such as the lumen 96 of a coronary artery 98. The illustrated 
embodiment depicts bypassing a coronary artery with blood from a left ventricle. The 
invention is equally applicable to forming a blood flow path within the vessels; or from 
other heart chambers to other coronary vessels. 

The conduit 92 has a first open end 102. The conduit 92 is sized to extend from 
the coronary artery 98 directly through the heart wall 104 and protrude into the left 
ventricle 106 of a human heart. Preferably, the end 102 protrudes at least about 5 
millimeters from an inner surface 105 of the heart wall 104 during maximum heart wall 
thickness during systole. Heart wall thickness varies from human to human and among 
locations on the heart. In a preferred embodiment of forming a flow path from the left 
ventricle to a coronary artery of an adult human, the length of the conduit (measured as 
the axial distance between ends 95 and 102) will be between about 10 and 30 millimeters. 
With the foregoing specific example, for a heart wall 104 having a maximum systolic 
thickness of 20 millimeters, the length of the conduit 92 is 25 millimeters. 

The openings 95, 102 communicate with an interior volume 108 of the conduit 
92. Therefore, blood can freely flow through the conduit 92 between the left ventricle 
106 and the lumen 96 of the coronary artery 98. 

As mentioned, the tube 92 is preferably formed of titanium or other smooth 
biocompatible material in order to resist thrombus formation on the inner surface 94 of 
the conduit 92. Titanium is a presently preferred material due its long-term use in the 
cardiovascular industry. Further, titanium is sufficiently rigid to withstand deformation 
forces caused by contraction of the heart wall 104 to avoid deformation of the tube 92 so 
that the tube 92 remains open during both diastole and systole. Also, the tube 92 is solid 
on its inner surface 94. Therefore, highly thrombogenic material from the heart wall 104 
cannot pass into and contaminate the interior 108 of the conduit 92. 

In one embodiment, the tube 92 may preferrably be formed from titanium which 
is resistant to thrombus formation. Therefore, as the titanium of the cylindrical tube 92 
does not attach the device within the myocardium or heart wall 104, the implant 90 may 



include a sleeve 1 10 of tissue growth-inducing material. This sleeve 110 is secured to an 
exterior surface 1 12 of the conduit 92. In the embodiment shown, the sleeve 1 10 is 
formed as a grid or matrix 114 of expanded metal or other materials to provide a porous 
but uniform covering 115 from end 95 to end 102. 

The conduit 92 is sized to extend from the coronary artery directly through the 
heart wall 104 and protrude into the left ventricle 106 of the patient's heart. Preferably, 
the end 102 protrudes at least about 5 millimeters from the inner surface 105 of the heart 
wall during maximum heart wall thickness during systole. The openings 95, 102 
communicate with interior 108 of the conduit 92. Therefore blood can freely flow 
through the conduit 92 between the left ventricle 106 and the lumen 96 of the coronary 
artery 98. 

C The Use of "Drugs" or "Therapeutic Agents" with Cardiac Implants 
1. Anticoagulant Agents 

In patients with arterial thrombi, activation of platelets is considered central to the 
thrombotic complications of these disorders. Treatment with platelet-inhibiting drugs 
such as aspirin and ticlopidine or clopidogrel is indicated in patients with unstable angina 
and acute myocardial infarction. In angina and infarction, these drugs are often used in 
conjunction with fibrinolytic drugs and anti-glycoprotein Ilb/IIIa platelet inhibitors. 

When a blood vessel is damaged or subject to disruption the immediate 
hemostatic response is vasospasm. Within seconds, platelets stick to the exposed collagen 
of the damaged endothelium (platelet adhesion) and to each other (platelet aggregation). 
Platelets then form a clumped gelatinous mass (viscous metamorphosis). This platelet 
plug quickly arrests bleeding but must be reinforced by fibrin for long-term effectiveness. 
Blood coagulates by the transformation of soluble fibrinogen into insoluble fibrin due to 
the action of several circulating proteins that interact in a cascading series of limited 
reactions. 

Blood coagulation generally requires the participation of several plasma protein 
coagulation factors: factors XII, XI, IX, X, VIII, VII, V, XIII, prothrombin, and 
fibrinogen, in addition to tissue factor (factor III), kallikrein, high molecular weight 
kininogen, Ca.sup.+2, and phospholipid. The final event is the formation of an insoluble, 
cross-linked polymer, fibrin, generated by the action of thrombin on fibrinogen. 
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Fibrinogen has three pairs of polypeptide chains (ALPHA 2 - BETA 2 - GAMMA 2) 
covalently linked by disulfide bonds with a total molecular weight of about 340,000. 
Fibrinogen is converted to fibrin through proteolysis by thrombin. An activation peptide, 
fibrinopeptide A (human) is cleaved from the amino-terminus of each ALPHA chain; 
fibrinopeptide B (human) from the amino-terminus of each BETA chain. The resulting 
monomer spontaneously polymerizes to a fibrin gel. Further stabilization of the fibrin 
polymer to an insoluble, mechanically strong form, requires cross-linking by factor XIII. 
Factor XIII is converted to XHIa by thrombin in the presence of Ca.sup.+2. XHIa cross- 
links the GAMMA chains of fibrin by transglutaminase activity, forming EPSILON- 
(GAMMA-glutamyl) lysine cross-links. The ALPHA chains of fibrin also may be 
secondarily cross-linked by transamidation. 

Anticoagulant agents interrupt and/or inhibit coagulation cascade and subsequent 
thrombosis. 

Example: Heparin. Heparin inhibits reactions that lead to the clotting of blood 
and the formation of fibrin clots. Heparin acts at multiple sites in the normal coagulation 
system. Small amounts of heparin in combination with antithrombin III (heparin cofactor) 
can inhibit thrombosis by inactivating activated Factor X and inhibiting the conversion of 
prothrombin to thrombin. Once active thrombosis has developed, larger amounts of 
heparin can inhibit further coagulation by inactiving thrombin and preventing the 
conversion of fibrinogen to fibrin. Heparin also prevents the formation of a stable fibrin 
clot by inhibiting the activation of the fibrin-stabilizing factor. Low MW heparin may 
also be used. 

Other Examples: Hirudin; mitric acid; hirulog; and annexim II. 
2. Antiplatelet Agents 

Platelet function is regulated by three categories of substances. The first group 
consists of agents generated outside the platelet that interact with platelet membrane 
receptors e.g. catecholamines, thrombin, and prostacyclin. The second category contains 
agents generated within the platelet that interact with the membrane receptors. The third 
group contains those agents generated within the platelet that act within the platelet such 
as thromboxane A2. 
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Antiplatelet agents prevent adhesion, activation, and/or aggregation; prevent 
thrombosis; prevent smooth muscle cell activation; and prevent growth factor release (by 
inhibiting platelets) and all the subsequent sequeale (tissue proliferation). 

Example: Aspirin. Thromboxane A 2 causes platelets to change shape, to release 
their granules and to aggregate. Aspirin is the prototype of the class of drugs that inhibit 
the generation of thromboxane A 2 , a powerful inducer of platelet aggregation and 
vasoconstriction. Aspirin is a potent inhibitor of prostaglandin synthesis. 

Other Examples: iclopidine; clopidogrel; dipyridamole; gpllbllla antibodies; and 
nitric oxide. 

3. Antithrombotic Agents or Fibrinolytics 

Antithrombotic agents are used to dissolve blood clots that have formed in certain 
blood vessels when a blood clot seriously lessens the flow of blood to certain parts of the 
body. Antithrombotic agents are also used to dissolve blood clots that form in tubes that 
are placed into the body. Antithrombotic drugs rapidly lyse thrombi by catalyzing the 
formation of the serine protease plasmin from its precursor zymogen, plasminogen. By 
creating a generalized lytic state, thrombo-emboli are broken down. 

Example: Streptokinase. Streptokinase is a protein that combines with the 
proactivator plasminogen. The resulting enzymatic complex catalyzes the conversion of 
inactive plasminogen to active plasmin. 

Other Examples: Tpa (raw or delivered via genetically engineered cells); and 
urokinase. 

4. Antimicrobials / Antibiotics 

The activity of antimicrobial drugs is due to their selectivity for highly specific 
targets that are either unique to microorganisms or much more important in them than in 
humans. Among those targets are specific bacterial and fungal cell wall- synthesizing 
enzymes, the bacterial ribosome, the enzymes required for nucleotide synthesis and DNA 
replication, and the machinery of viral replication. 

Antibiotics prevent infection; may prevent/inhibit cell proliferation; and may 
prevent/inhibit thrombus accumulation. 
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Examples include: silver; silver combined with more noble metals (Pb, Pt, Au) to 
enhance ionization; silver oxide; heavy metals; vancomycin; rifampin; and other common 
antibiotics. 

5. Antiproliferatives 

Antiproliferative agents prevent proliferation of the offending cell types, e.g. 
smooth muscle cells or fibroblasts. 

An example of an antiproliferative agent includes a microtubule stabilizing agent 
such as paclitaxel (taxol), analogues, derivatives, and mixtures thereof. For example, 
derivatives believed suitable for use in the present invention include 2'-succinyl-taxol, 2- 
succinyl-taxol triethanolamine, 2-glutaryl-taxol, 2'-glutaryl-taxol triethanolamine salt, 2'- 
5 Oester with N-(dimethylaminoethyl) glutamine, and 2 f -0-ester with N- 

, 2 (dimethylaminoethyl) glutamide hydrochloride salt. 

Iff Other examples include: Sirolimus; napamycin; actinomycinD; antigrowth factor 

antibodies (e.g. antiPDGF antibody); radiation therapy (X or p); and nitric oxide. 

6. Anti-inflammatories 
Inflammatory by-products have been shown to play a role in tissue proliferation. 

Li These agents have been shown to inhibit proliferation. 

Example: nonsteroidal anti-inflammatory drugs (NSAIDS). Salicylates and other 
similar agents have the capacity to suppress the signs and symptoms of inflammation. 
The NSAIDS are grouped in several chemical classes. This chemical diversity yields a 
broad range of pharmacokinetic characteristics. The anti-inflammatory activity of the 
NSAIDS is mediated chiefly through inhibition of biosynthesis of prostaglandins. To 
varying degrees all the newer NSAIDS are anti-inflammatory and inhibit platelet 
aggregation. 

Example: Steroids. The glucocorticoids have powerful anti-inflammatory effects. 
Long term use of corticosteriod therapy produces significant toxicity. 

7. Growth Factors 
Growth factors stimulate chemotaxis and proliferation of appropriate cell types to 

promote healing (e.g., endothelium) and angiogenesis. 
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Examples of growth factors include: FGF family (a or bFGF, FGF 1-4); PDGF; 
VEGF; EFG; and IGFI II. Growth factors can be directly attached, delivered from a 
microsphere, polymer, etc. 

8. Cell Adhesion Molecules/Peptides 

Cell adhesion molecules/peptides promote cell attachment for decreased thrombus 
formation and promotion of tissue incorporation. 

Examples include: RDG peptides; REDV peptides; laminin or fragments thereof; 
collagen or fragments thereof; fibronectin/fibrin or fragments thereof; and integrins. 

9. Passivating Coatings 

Passivating coatings reduce thrombus accumulation and biofouling. Passivating 
coatings also reduce foreign body response, such as inflamation and fibrosis. Such 
coatings can also reduce tissue proliferation. 

Examples of passivating coatings include: Hydrogels, phospholipids in general, 
and specifically phosphatidyl choline; gold; silicon carbide; and polyethylene oxides or 
polyethylene glycol. 

10. Cell Seeding 

Cell seeding lines conduits with endothelium to promote healing and subsequent 
passivasion. Endothelium could be genetically modified to secrete antiplatelets and/or 
anticoagulants to inhibit thrombosis. 

11. Hormones 

Some hormones have been shown useful to inhibit intimal hyperplasia. 
An example of one useable hormones is estrogen. 

D. Example Applications of Therapeutic Agents with Cardiac Implants 
1. Cardiac Implant Zones 

The embodiments of the invention described above have an inflow end 30, 74, 
102 and an outflow end 28, 70, 95. As can be recognized, the inflow end 30, 74, 102 is 
situated in a cardiac chamber and the outflow end 28, 70, 95 is situated in a coronary 
vessel. (See, for example, FIG. 1) 

In the embodiment shown, each of the inflow ends 30, 74, 102 has, adjacent to it, 
an "inlet zone" 200. Each inlet zone 200 has an exterior inlet zone 202, located on the 
exterior wall of the implant 10, 60, 90 as well as an interior inlet zone located on an 
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interior surface of the wall of each implant 10, 60, 90. As will be explained further 
below, preferred embodiments will include the application of therapeutic agents on the 
inlet zone 200. In general, for the embodiments of the type shown herein, the inlet zone 
200 will extend from the inlet end 30, 74, 102 along the implant 10, 60, 90 for a distance 
no greater than 0.5 inches. In some applications, the inlet zone 200 will be only the tip of 
the implant 10, 60, 90, and thus extend from the end 30, 74, 102 to a distance of 3 mm or 
less. 

Analogously, each of the outflow ends 28, 70, 95 includes adjacent to it an "outlet 
zone" 206. Each outlet zone 206 includes an exterior outlet zone 208 and an interior 
N* outlet zone 210, located on the exterior surface and interior surface, respectively, of each 

p implant 10, 60, 90. Preferred embodiments will include application of selected 

? 2 therapeutic agents along the outlet zone 206. For the types of implants described herein, 

y i 

y1 preferably, the outlet zone 206 extends from the outlet end 28, 70, 95 a distance no 

qj greater than 3.75 inches. Again, the outlet zone 206 may also just extend only at the tip 

of the outlet end, and thus extend from the end 28, 70, 95 a distance of 3 mm or less. 
HI Located in between the inlet zone 200 and the outlet zone 206 is at least one mid 

zone 212. In some embodiments, the mid zone 212 may include a plurality of mid zones 
212 located between the inlet zone 200 and the outlet zone 206. The mid zone 212 
includes a mid interior zone 214, which is located along the interior wall of each implant 
10, 60, 90, and a mid exterior zone 216 located on the exterior wall of each implant 10, 
60, 90. As with the inlet zone 200 and the outlet zone 206, the mid zone 212 includes, in 
preferred embodiments, selected therapeutic agents applied thereon. This is discussed 
further below. 

2. The Use of Therapeutic Agents In Various Zones 

The introduction of a foreign body such as the cardiac implants 10, 60, 90 into the 
heart or a blood vessel provides a surface on which blood coagulation may occur. The 
end result of the process of blood coagulation is the formation of fibrin blood clots. The 
term "fibrin" means the naturally occurring polymer of fibrinogen that arises during 
blood coagulation. One effect that the formation of fibrin blood clots may have is to 
obstruct the inflow end 30, 74, 102 and/or the outflow end 28, 70, 95 of the implant 900. 
Furthermore, there is the danger that pieces of tissue may break off from the developed 
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fibrin blood clots. These pieces of fibrin blood clot (called "emboli") can travel in the 
blood stream and obstruct other vessels thereby producing obstruction of blood flow in 
those vessels. For example, an embolus in a cerebral vessel that produces obstruction 
may result in neurological damage in a process described as a "stroke". Use of a drug, 
such as an anticoagulant agent, an antithrombolic agent, or a fibrimolytic agent to inhibit 
thrombosis, the formation of fibrin blood clots, at the inlet zone 200 and the outlet zone 
206 may be protective in this regard. 

The inlet zone 200 may also be prone to tissue proliferation. Thus, use of a 
therapeutic agent, such as an anti-inflammatory and/or an anti-proliferative agent may be 
useful. In addition, anti-platelet agents applied to the inlet zone 200 can be useful to 
prevent adhesion, activation, aggregation and prevent thrombosis, smooth muscle cell 
activation, growth factor release, and subsequent tissue proliferation. 

In addition to the anti-coagulant agents, anti-thrombotic agents, and 
fibronylet(spelling) agents applied to the outlet zone 206, in many instances, it may be 
useful to apply anti-proliferative agents, antibiotics, anti-platelets and hormones to the 
outlet zone 206. 

The mid zone 212 can be subject to thrombosis, cell proliferation, and/or 
infection. In many applications, it can be useful to apply therapeutic agents such as anit- 
thrombotic, antibiotics, and anti-inflammatories. 

3. Example Applications of Therapeutic To The Illustrated 
Embodiments 

First, attention is directed to the first embodiment of the implant 10 shown in 
FIGS. 1 and 3. In this particular embodiment, the mid zone 212 includes at least two 
subzones. In particular, there is a first mid subzone 220, corresponding to the 
myocardium portion 26 of the implant 10, and a second sub mid zone 222 corresponding 
to the vessel portion 24. Of course, in other embodiments, the mid zone 212 can include 
additional subzones, depending upon the desired results and the particular conditions of 
the patient. In Table 1, below, specific examples are provided for the implant 10 
illustrated in FIGS. 1 and 3. 
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Implant 10 has the interface 48 between the stent 49 and the conduit 12. At this 
interface 48, it may be advantageous to change coatings and/or dosages of the therapeutic 
agent. The interface 48 is a region that may be prone to the formation of stenosis. To 
control the formation of stenosis, changing the type of therapeutic agent that is located on 
the stent 49 than what is located on the conduit 12 may be desirable. Alternatively, 
instead of changing the type of therapeutic agent on the conduit 12 from the type on the 
stent 49, the therapeutic agent may be kept the same but the amount or dosage may be 
differentiated between these two areas. 

In many cases, the inner surface of the entire implant 10 will be made of a highly 
polished material. Highly polished materials may not have surfaces conducive for the 
deposition of drugs or therapeutic agents. However, the implants 10 can be manufactured 
such that the inner surface allows for a surface treatment with a desired therapeutic agent. 



Table 1 
Implant 10 



Zone 


Therapeutic 
Agent 


Example therapeutic 
Agent 


Useful 
dimension 
of zone 


exterior 
inlet 202 


antithrombotic 

anti-inflammatory 

anti-proliferative 


Streptokinase; Tpa; urokinase; NSAIDS; 
steroids; paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (k or (3); 
nitric oxide. 


0.25-0.5 
in., e.g., 
0.3-0.4 in. 


interior 
inlet 204 


antithrombotic 
anti-inflammatory 
anti-proliferative 
antibiotic 


Streptokinase; Tpa; urokinase; NSAIDS; 
steroids; paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or p); 
nitric oxide; silver; silver combined with 
Pb, Pt, Au; silver oxide; heavy metals; 
vancomycin; rifampin 


0.25-0.5 
in., e.g., 
0.3-0.4 in. 


exterior 
outlet 208 


antithrombotic 

anti-inflammatory 

anti-proliferative 

anti-coagulant 

anti-platelet 


Streptokinase; Tpa; urokinase; NSAIDS; 
steroids; paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or p); 
nitric oxide; heparin; low MW heparin, 
hirudin; mitric acid; hirulog; annexim II; 


0.1-0.4 in., 
e.g., 0.25- 
0.35 in. 
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aspirin, iclopidine; clopidogrel; 
dipyridamole; gpllbllla antibodies; and 
nitric oxide 




interior 
outlet 210 


antithrombotic 

anti-inflammatory 

anti-proliferative 

anti-coagulant 

anti-platelet 

antibiotic 


Streptokinase; Tpa; urokinase; NSAIDS; 
steroids; paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or (3); 
nitric oxide; heparin; low MW heparin, 
hirudin; mitric acid; hirulog; annexim II; 
aspirin, iclopidine; clopidogrel; 
dipyridamole; gpllbllla antibodies; and 
nitric oxide; silver; silver combined with 
Pb, Pt, Au; silver oxide; heavy metals; 
vancomycin; rifampin 


0.1-0.4 in., 
e.g., 0.25- 
0.35 in. 


first sub 
midzone 
220, outer 
surface 


anti-inflammatory 
angiogenic 


NSAIDS; steroids 


0.7-1 in., 
e.g., 0.85- 
0.95 in. 


second sub 

midzone 

222 


untreated 




0.4-0.8 in., 
e.g., 0.6- 
0.7 in. 


cuff 44 


cell adhesion 
growth factors 


RDG peptides; REDV peptides; laminin; 
collagen; fibronectin/fibrin; FGF family; 
PDGF; VEGF; EFG; IGFI II 


0.1-0.5 in., 
e.g., 0.2- 
0.3 in. 



Attention is next directed to the implant 60 shown in FIGS. 4 and 5. The mid 
zone 212 in FIG. 5 includes a first sub mid zone 224, corresponding to the myocardium 
portion 78 of the implant 60, and a second sub mid zone 226 corresponding to the vessel 
portion 84. Table 2, below, provides examples of useful therapeutic agents and the 
particular locations for the implant 60. 

In general, in some applications, it is advantageous in having the inner surface 
and the outer surface of the vasculature portion 84 be treated with the same therapeutic 
agent. For example, in some applications, it is advantageous to have both the inner 
surface and the outer surface of the vasculature portion 84 be coated with an antibiotic. 
In some applications, in the myocardial portion 78, it may be advantageous to use 
different type of therapeutic agents on the outer surface than is used on the inner surface. 
In the interior inlet zone 204, in some implementations, it is useful to have more than one 
therapeutic agent used. Alternatively, a series of therapeutic agents designed to be 
released in a series can be helpful. 
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Table 2 
Implant 60 



Zone 


Therapeutic 
Agent 


Example therapeutic 
Agent 


Useful 
dimension 
of zone 


exterior 
inlet 202 


anti-proliferative 
anti-inflammatory 
anti-platelet 
anti-coagulant 


paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide; NSAIDS; steroids; aspirin, 
iclopidine; clopidogrel; dipyridamole; 
gpllbllla antibodies; nitric oxide; 
heparin; low MW heparin, hirudin; 
mitric acid; hirulog; annexim II; 


0.25-0.5 
in., e.g., 
0.3-0.4 in. 


interior inlet 
204 


anti-proliferative 
anti-inflammatory 
anti-platelet 
anti-coagulant 


paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or (3); 
nitric oxide; NSAIDS; steroids; aspirin, 
iclopidine; clopidogrel; dipyridamole; 
gpllbllla antibodies; nitric oxide; 
heparin; low MW heparin, hirudin; 
mitric acid; hirulog; annexim II; 


0.25-0.5 
in., e.g., 
0.3-0.4 in. 


exterior 
outlet 208 


antithrombotic 

anti-proliferative 

antibiotic 

anti-coagulant 

anti-platelet 

hormone 


Streptokinase; Tpa; urokinase; 
paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or p); 
nitric oxide; silver; silver combined 
with Pb, Pt, Au; silver oxide; heavy 
metals; vancomycin; rifampin; heparin; 
low MW heparin, hirudin; mitric acid; 
hirulog; annexim II; aspirin, iclopidine; 
clopidogrel; dipyridamole; gpllbllla 
antibodies; nitric oxide; estrogen 


0.1-0.4 in., 
e.g., 0.25- 
0.35 in. 


interior 
outlet 210 


antithrombotic 

anti-proliferative 

antibiotic 

anti-coagulant 

anti-platelet 

hormone 


Streptokinase; Tpa; urokinase; 
paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide; silver; silver combined 
with Pb, Pt, Au; silver oxide; heavy 
metals; vancomycin; rifampin; heparin; 


0.1-0.4 in., 
e.g., 0.25- 
0.35 in. 
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low MW heparin, hirudin; mitric acid; 
hirulog; annexim II; aspirin, iclopidine; 
clopidogrel; dipyridamole; gpllbllla 
antibodies; nitric oxide; estrogen 




first sub 
midzone 
224 


untreated 




0.7-1 in., 
e.g., 0.85- 
0.95 in. 


second sub 

midzone 

226 


antibiotics 


silver; silver combined with Pb, Pt, Au; 
silver oxide; heavy metals; 
vancomycin; rifampin 


2.5-4.5 in., 
e.g., 3-4 
in. 


cuff 


cell adhesion 
growth factors 


RDG peptides; REDV peptides; 
laminin; collagen; fibronectin/fibrin; 
FGF family; PDGF; VEGF; EFG; IGFI 
II 


0.1-0.5 in., 
e.g., 0.2- 
0.3 in. 



Turning now to the implant 90 illustrated in FIGS. 2 and 6, Table 3 provides 
example therapeutic agents and particular areas for their application, which may be 
useful 

In the implant 90, in some embodiments, it is desirable to have a difference in the 
types of therapeutic agents used on the outer surface than are used in the inner surface. 
For example, in many embodiments of the implant 90, there will be an antithrombotic 
agent on the outer surface, but some other agent other than an antithrombotic agent on the 
inner surface. 



Table 3 
Implant 90 



Zone 


Therapeutic 
Agent 


Example therapeutic 
Agent 


Useful 
dimension 
of zone 


exterior 
inlet 202 


anti-proliferative 

anti-inflammatory 

anti-thrombotic 


paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or (3); 
nitric oxide; NSAIDS; steroids; 
Streptokinase; Tpa; urokinase; 
paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide 


0.25-0.5 
in., e.g., 
0.35-0.45 
in. 


interior inlet 


anti-proliferative 


paclitaxel (taxol); sirolimus; 


0.25-0.5 
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204 


anti-inflammatory 
anti-thrombotic 


napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or p); 
nitric oxide; NSAIDS; steroids; 
Streptokinase; Tpa; urokinase; 
paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or p); 
nitric oxide 


in, e.g, 

0.35-0.45 

in. 


exterior 
outlet 208 


antiproliferative 

anti-inflammatory 

anti-thrombotic 


paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide; NSAIDS; steroids; 
Streptokinase; Tpa; urokinase; 
paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or p); 
nitric oxide 


0.05-0.3 
in, e.g, 
0.1-0.2 in. 


interior 
outlet 210 


anti-proliferative 

anti-inflammatory 

anti-thrombotic 

antibiotic 

cell seeding 


paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide; NSAIDS; steroids; 
Streptokinase; Tpa; urokinase; 
paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide; silver; silver combined 
with Pb, Pt, Au; silver oxide; heavy 
metals; vancomycin; rifampin; 
endothelium treatment 


0.05-0.3 
in, e.g, 
0.1-0.2 in. 


midzone 
212, outer 
surface 


anti-inflammatory 
anti-thrombotic 


NSAIDS; steroids; Streptokinase; Tpa; 
urokinase; paclitaxel (taxol); sirolimus; 
napamycin; actinomycinD; antigrowth 
factor antibodies (e.g. antiPDGF 
antibody); radiation therapy (X or P); 
nitric oxide 


1-2 in, 
e.g. 1.2- 
1.5 in. 



E, Methods of Making Cardiac Implants 

Cardiac implants of the type described herein can be made by, first, providing a 
scaffold of the type described in connection with the implants 10, 60, 90 defining an open 
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interior volume, an open first end, and an opposite open second end. The method 
includes covering at least a first portion of the scaffold with a first therapeutic agent, and 
covering at least a second portion of the scaffold, different from the first portion, with a 
second therapeutic agent different from the first therapeutic agent. This can include 
covering: (i) a portion of the inlet zone 200 with one type of therapeutic agent or drug; 
(ii) a portion of the outlet zone 206 with a different type of therapeutic agent; or (iii) a 
portion of the mid-zone 212 with a different type of therapeutic agent. 

The step of covering at least a first portion can include covering an interior 
surface adjacent to the open first end with the first therapeutic agent. In the examples 
described above, the interior surface adjacent to the first open end corresponds to the 
interior inlet zone 264. As described above, it can be useful to apply therapeutic agents 
of the type including rhestonsis preventing agents, antithrombotic agents, antibiotic 
agents, antiproliferative agents, antiplatelet agents, anticoagulant agents, hormones, and 
combinations thereof. 

The step of covering at least a first portion may also include covering an exterior 
surface adjacent to the first open end with the first therapeutic agent. In the examples 
described above, this would correspond to applying a therapeutic agent to the exterior 
inlet zone 202. As described above, it can be helpful to apply the following types of 
therapeutic agents to the exterior inlet zone 202: antithrombotic agents, antiproliferative 
agents, anti-inflammatory agents, antiplatelet agents, anticoagulant agents, and 
combinations thereof 

The step of covering at least a second portion can include covering an interior 
surface adjacent to the second open end. In the examples described above, this would 
correspond to applying a therapeutic agent to the exterior inlet zone 210. Such 
therapeutic agents can include: rhestenosis preventing agents, antibiotic agents, 
antiproliferative agents, antiplatelet agents, anticoagulant agents, hormones, and 
combinations thereof. 

In addition, the step of covering at least a second portion can include covering an 
exterior surface adjacent to the open second end. In the examples above, this would 
correspond to applying a therapeutic agent to the exterior outlet zone 208. Useful 
therapeutic agents on the exterior outlet zones 208 include: antithrombotic agents, anti- 
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inflammatory agents, antiproliferative agents, anticoagulant agents, antiplatelet agents, 
hormones, and combinations thereof. 

In some methods, there includes a further step of applying a third therapeutic 
agent to a third portion of the scaffold, different from the first and second portions. The 
third therapeutic agent can be different or the same as one of the first and second 
therapeutic agents. In the examples above, this can include application of a therapeutic 
agent to a region along the mid zone 212. Useful therapeutic agents along the mid zone 
212 include: anti-inflammatory agents, angiogenic agents, antithrombotic agents, 
antibiotic agents, and combinations thereof. 

The step of providing a scaffold can include providing an L-shaped scaffold, of 
the type illustrated in FIGS. 1, 3, 4, and 5. In other embodiments, the step of providing a 
scaffold can include providing a straight, bend-free scaffold, of the type shown in FIGS. 
2 and 6. 

There are several recognized methods for applying the active drug to the inflow 
zone and/or the outflow zone. Such methods include applying a coating of the drug to the 
surface of the designated zone. Some of these are described in US Patent 5,697,967; US 
Patent 6,231,600; and US Patent 6,120,536, each of which is incorporated by reference 
herein. 

The following are some example methods or modes for delivery of the therapeutic 
agent on the implant 10, 60, 90: fixing a first substance to the scaffold and binding the 
therapeutic agent to the first substance; applying a polymeric material with the 
therapeutic agent attached thereto; coating the scaffold with the therapeutic agent as a 
dissolved solvent; weaving or knitting a fiber containing the therapeutic agent therein; 
applying a biodegradable material incorporating and releasing the therapeutic agent; 
providing a sleeve catheter with the therapeutic agent in the lumen; forming the 
therapeutic agent as a temporary stent that dissolves; compressing the therapeutic agent 
into pores of the scaffold; or providing a permeable membrane with the therapeutic agent 
transported through the membrane. 



23 



F. Methods of Use 

The implants 10, 60, 90 can be used to treat humans. In one application, the 
implant 10, 60, 90 can be used in a method for performing a coronary vessel bypass 
procedure. This method includes forming a blood flow path, such as pathway 42 (FIG. 1) 
or pathway 109 (FIG. 2) from the heart chamber 38, 106 directly to the coronary vessel 
36, 98 at a site in the vessel positioned between an obstruction in the vessel and tissue of 
the heart to be supplied with blood by the vessel. This step includes placing the implant 
10, 60, 90 in the heart wall 32, 104 between the heart chamber 38, 105 and the vessel 36, 
98 with one end of the implant 10, 60, 90 protruding into the heart chamber 38, 106 
fj beyond an interior surface of the myocardium 32, 104. The method includes the implant 

10, 60, 90 including a first therapeutic agent in covering relation to at least a first portion 
Ul and a second therapeutic agent in covering relation to at least a second portion of the 

m implant. 

As described above, the first portion can be one of the inlet zone 200, outlet zone 
206, and mid zone 212; while the second portion can be one of the inlet zone 200, the 
outlet zones 206, and the mid zone 212. As described above, the therapeutic agents can 
be applied to exterior portions, interior portions, or both, along the conduit or scaffold. 
Use of therapeutic agents in selected, strategic positions can help the healing the process 
and improve the health of the patient, as described above. 
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